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Abstract— Public awareness of food quality is an essential thing during the packaging application. Considering the environment issue, 
edible coating with starch-based has been applied as packaging with environment-friendly. The high quality of starch is also 
produced by jicama (Pachyrhizus erosus). However, the application of jicama as an edible coating for grapevine (Vitis vinira L) 
remains unknown. Therefore, this research aims to determine the influence of k-carrageenan addition with various concentration to 
the physical and chemical characteristics of Jicama (Pachyrhizus erosus) starch-based edible coating and its potential application on 
Grapevines (Vitis vinira L.). This research was using randomized design with one addition factor (k-carrageenan): A1 =k-carrageenan 
0.5% (w/v); A2 =k-carrageenan 1% (w/v); A3 =k-carrageenan 1.5% (w/v); A4 =k-carrageenan 2% (w/v); A5 =k-carrageenan 2% 
w/v). All measurements are repeated three times. The collected data were analyzed by variance analysis (p<0.05) and Duncan’s 
differential analysis for further analysis. The result showed that k-carrageenan addition was significantly influenced the thickness, 
moisture content, tensile strength value, and WVTR value of the produced edible coating (p<0.05). Treatment A5 has produced films 
with the good physical characteristics consisting of moisture content at 22.76%, thickness at 1.01 mm, tensile strength at 7.42 kgf/cm2, 
and WVTR value at 6.748 g/m2 per hour. The edible coating applied on Grapevine with the dipping technique showed that k-
carrageenan was significantly increasing the rate of vitamin C and reducing the weight up to day 9 of storage (p<0.05) as compared to 
control. Meanwhile, based on the sensory evaluation, k-carrageenan addition has insignificantly influenced the color and the texture 
preference (p > 0.05).    
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I. INTRODUCTION 
One of the impacts of the globalization era and population 
growth is the increase in food demands. This condition is 
also supported by the improvement of public awareness 
toward the importance of food quality. Food security as a 
manifestation of food quality is an important thing to be paid 
attention, one of which is the packaging application that is 
easily degraded and does not endanger to the health. For 
several decades, synthetic packaging such as plastic has been 
commonly used with the result that caused problems for 
health and the environment [1], [2]. Packaging technology 
that is safe and does not damage the environment is very 
necessary, for example, edible coating [3]. 
The existence of edible coating application allowed the 
food packaging can be eaten beside the main function as a 
coating to inhibit the occurrence of food damage due to the 
loosing of moisture, oxygen, carbon dioxide, aroma and 
lipids [4]. During this period, starch which is a 
polysaccharide has been commonly used as an edible coating 
because of its ability to reduce the loss of moisture from the 
food [5]. Because it is biodegradable, starch-based coatings 
have potency as the plastic polymers replacer [6]. 
It has been known that beside cassava, the high-quality 
starch can also be produced from other species of tuber 
namely jicama. Its scientific name called Pachyrhizus erosus 
[7]. Previous research reported that the combination of 
jicama starch with chitosan as an edible coating possessed a 
good effect on the characteristics of Nile tilapia fish [8]. In 
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that case, chitosan was used as a stabilizer for a suspension. 
In addition to chitosan, carrageenan is also often used as a 
stabilizer because it’s a hydrophilic characteristic which can 
increase the continuous phase viscosity so that the emulsion 
finally stabilizes [9]. Until recent time, the application of 
jicama starch as an edible coating on fruit, especially 
grapevine (Vitis vinifera L) has not been done widely. As we 
know, grapevine is a very perishable fruit with high moisture 
level so that it is susceptible to evaporation processes which 
can reduce the quality [10]. Therefore, the application of the 
edible coating on the grapevine is clearly can play an 
important role in maintaining its quality. 
The current investigation was conducted to get more 
insight into the effect of carrageenan as the stabilizing agent 
to the characteristic of jicama starch-based edible coating.  
Furthermore, the purpose of this study knew of edible 
coating potency made from a combination of jicama starch-
carrageenan was evaluated about its application on the 
grapevine. The information resulted from this investigation 
was expected can increase the commodity value of jicama in 
the field of agroindustry as well as its contribution to the 
advance of postharvest technology in horticulture 
commodity. 
II. MATERIAL AND METHOD 
A. Material  
The raw material used in this research consists of jicama 
(Pachyrhizus erosus), Grapevine (Vitis vinifera L), and k-
carrageenan. Reagents used to consist of standard iodine 
solution (Merck, German) and starch soluble (Merck, 
German). 
B. Research Procedure 
1) Extraction of jicama starch: the extraction process 
was according to Hasbullah (2000) [11] with modification. It 
was started by peeling and washing jicama. The peeled 
jicama crushed and added with water (1:1) to produce jicama 
slurry. The jicama slurry was filtered for paste liquid. Then, 
it was precipitated for 24 hours and dried at 50°C for 8 hours. 
Furthermore, it crushed and sieved (80 mesh).  
2) Edible film making: Starch was diluted by aquadest 
with 4% concentration (b/v) using magnetic stirrer and 
heated on hot plate stirrer at 60-70°C for 20 minutes. 
Carrageenan was added at various concentrations (b/v) i.e. 
0.5 % (A1); 1.0 % (A2); 1.5 % (A3); 2.0 % (A4); and 2.5% 
(A5) of the total volume in aquadest. Then, the mixture was 
stirred by using magnetic stirrer and heated on the hot plate 
up to 80°C. The carrageenan solution homogenized with the 
starch solution. Furthermore, glycerol 1% added to the 
solution at 70-80°C. The edible coating solution poured into 
the 20 x 10 cm glass plate. The, it dried using the oven at 
60°C for 5-6 hours. 
3)  The coating on grapes: The coating process is 
performed by dipping the fruit into coating liquid. The 
dipped fruit is then hung and air dried on wire gauze until no 
drop from the coating. And observation is then performed 
for 3 days, 6 days, and 9 days at room temperature. 
 
C. Analysis 
1) Parameters analysis: The moisture level was 
analyzed based on the AOAC (1995) [12]. The crushed 
material sample weighed for 1-2g in a weighing bottle, then 
dried in an oven at 1000C -1500C for 35 hours depending on 
the material. After that, put in into exicator and measure the 
weight. Those treatments were repeated until a constant 
weight was reached (difference in consecutive weighing is 
less than 0.2 mg). Weight reduction demonstrated the water 
content within the material. Coating thickness measured by 
using micrometer screw gauge (accuracy 0.001 mm). 
Coating sample inserted between the cylinder spindle and 
the anvil of micrometer screw gauge. Then, the rated 
thickness value read by the tool. Tensile strength measured 
using Llyod Instrument. The tested material cut into the 
specific shape (under tool specification) and size. The start 
button pushed twice. The first push would activate the tool 
and the second push would operate the tool (test in 
operation). The tensile strength calculated by dividing the 
maximum force to the coating until it was torn (Newton) by 
the coating’s cross-sectional area (m2). Water vapor 
transmission rate (WVTR) determined gravimetrically by 
modifying the method proposed by Xu et al., (2005) [13]. 
The film sample contained 20 g silica gel, and placed in a 
container with NaCl solution 40% (b/v) (RH = 75%) at 25oC. 
The cup has an inner diameter of 75 mm and a height of 30 
mm. The water vapor diffused through the film which 
absorbed by the silica gel and increased additional weight. 
The cup’s weight recorded for 8 hours. A linear regression 
equation made for the data obtained to determine its slope. 
The water vapor transmission rate determined by dividing 
the slope of the cup’s weight increment by film’s external 
surface. Weight loss was calculated according to Gardjito 
(2003) [15]. The deviation of initial weight and final weight 
(weight during observation) was divided by initial weight 
resulted in a weight loss of fruit. Vitamin C was calculated 
by spectrophotometry method. About 200-300 grams of 
sample was crushed by using blender until it became slurry. 
Weigh 10-20 grams of slurry and put it into 100 ml 
measuring flask and added by aquadest. Centrifugation 
conducted to separate the filtrate or filter it using Gooch 
crucible to separate the filtrates. Then, filtrates about 5-25 
ml inserted into 125 ml Erlenmeyer flask. Add 2 ml starch 
solution 1% and titrates it using 0.01 N iodine standard 
solution. Determine the amount of standard iodine and 
ascorbic acid within the material. 1 ml 0.01 N iodine = 0.88 
mg ascorbic acid. 
2) Sensory analysis: The sensory test used is the scoring 
test by utilizing 20 semi-trained panelists. This test 
conducted based sensory characteristics such as color, aroma, 
and texture. The obtained score addressed for statistical 
analysis to examine the difference. Each coated grape 
sample was compared based on color and texture with 1 to 5 
score. The lowest score demonstrated bad physical 
characteristics while the highest score showed good physical 
characteristics.  
3) Statistical analysis: The data analyzed by using 
variance test. Duncan Multiple Range Test (DMRT) at 
significance level 5% was conducted for further analysis. 
The parameters such as water content, thickness, tensile 
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strength, and water vapor transmission rate were applied for 
observation. Moreover, water content, weight loss, vitamin c, 
and sensory test subjected as further parameters. 
III. RESULT AND DISCUSSION 
This section presents results and discussion in three main 
points. It describes the results on edible film water content, 
water vapor transmission rate, and Grape’s water content. 
The details of this section is presented as follows: 
A. Edible Film Water Content 
The edible coating’s water is content with carrageenan 
addition with range of 22.76% – 27.1%. This result is lower 
than the edible film using chitosan material as a lactic acid 
solvent 2% with water content 27.34%-32.48%. Based on 
variance test results, carrageenan’s concentration has 
noticeable influence (p>0.05) on the coating’s water content 
as presented in Table 1 below. 
TABLE I 
THE PHYSICAL AND MECHANICAL CHARACTERISTICS OF CARRAGEENAN  
Treatments Water content (%) Thickness (mm) Tensile strength (kgf/cm2) WVTR (g/m2/hour) 
A1 27.10 +1.60 b 0.54 +0.03a 0.54+0.24a Undetected 
A2 24.20 +2.27ab 0.56 +0.03a 2.40+1.52b 9.60 +0.52c 
A3 23.50 +0.99ab 0.58 +0.61a 3.27+0.84b 3.20 +1.65a 
A4 24.11 +2.67ab 0.65 +0.10a 6.24+0.60c 7.26 +1.50b 
A5 22.76 +0.76a 1.01 +0.19b 7.42+0.90c 6.75 +0.99b 
 
Table 1 exhibited that there is a difference between A1 
treatment with carrageenan’s concentration of 0.5% and A5 
treatment with carrageenan’s concentration of 2.5%. 
Carrageenan’s hydrophilic characteristic induced the binding 
to the more water which will be evaporated after oven 
processing. The higher amount of carrageenan on coating 
will reduce the water content during heating. It makes the 
coating’s texture more rigid than the coating with 
carrageenan’s. The higher the water content on the coating 
will make the coating vulnerable to fungal growth, which 
leads to the coating’s reduced quality. 
1) Thickness: Based on variance test results, the 
difference in carrageenan’s concentration has noticeable 
influence (p>0.05) on the coating’s thickness. Table 1 
demonstrated that there is an increase in thickness in the A1 
to A5 treatments. The most significant difference is on the 
A5 treatment which demonstrated the highest carrageenan’s 
concentration than the other treatments (carrageenan 2.5%). 
The thickness of the edible coating is influenced by molding 
area, coating solution volume, and carrageenan’s 
concentration. This is in line with the results of research 
conducted by Handito (2011). It exhibited that a higher 
concentration of carrageenan starch causes the increase of 
edible coating's thickness. Furthermore, it would increase the 
total dissolved solids existing in the coating forming solution. 
Thus a thicker film will be produced after the drying process. 
According to Bourtoom (2007), the coating sheet is formed 
while the oven process is in progress [6]. Water is 
evaporated, and the particles are wrinkling to form coating 
sheet. In brief, the coating forming process starts with 
reduced space between binding particles in a liquid. Thus a 
coating sheet will be formed after the evaporation process.   
2) Tensile strength: The strength of coating tensile value 
within range from 0.539 kgf/cm2 (A1) to 7.423 kgf/cm2 
(A5). The variance test results show that there is noticeable 
difference (p>0.05) among coatings A1 (carrageenan 0.5%), 
A2 (carrageenan 1%), A3 (carrageenan 1.5%), A4 
(carrageenan 2%) and A5 (carrageenan 2.5%). The tensile 
strength values of treatments A1, A2, and A3 are lower than 
A4 and A5 treatments. The additional concentration of 
Carrageenan on coating will increase the tensile strength 
value of edible coating. It assured by the ability of 
carrageenan to form strong polymer matrix and generated 
stronger intermolecular tensile strength. This may be viewed 
on the increasing tensile strength value from A1 to A2 and 
A3, then to A4 and A5. The A4 and A5 treatments have the 
highest tensile strength values than the other treatments 
about 6.240 kgf/cm2 and 7.423 kgf/cm2. The concentration 
of carrageenan influences the increasing tensile strength 
value. It exhibited a similar result to the research conducted 
by Ariska (2015) [15]. The tensile strength value was 
increased by utilizing coat derived from the core of the 
banana plant with carrageenan. The higher concentration of 
carrageenan added into the edible coating to generate a 
stronger coating matrix. Therefore, it will need a higher 
force to break the edible coating. 
B. Water Vapor Transmission Rate (WVTR) 
The WVTR value of coating ranges from 3.198 to 9.603 
g/m2/hour. This value is relatively low compared to the 
results of research conducted by Breemer (2012) [16], in 
which sweet potato based edible coating with CMC addition 
has WTVR value ranging from 7.07 g/m2/hour to 12.34 
g/m2/hour. Based on variance test results, the concentration 
of carrageenan noticeably influences the WVTR value of 
coating. However, there is no WVTR value obtained from 
A1 treatment which is allegedly caused by low concentration 
and low thickness of carrageenan. It makes the compactness 
of coating is not as good as the other treatments. Moreover, 
the A3 treatment has WVTR value about 3.198 g/m2/hour, 
which noticeably different from A4 treatment which is 7.256 
g/m2/hour. Then, the A2 treatment is 9.603 g/m2/hour which 
different from A3 treatment and A5 with 6.748 g/m2/hour. 
The hydrophilic characteristic of carrageenan causes those 
differences. 
According to Handito (2011), more quantity of 
carrageenan with hydrophilic characteristic in the film 
matrix increased the film area which may be used to transfer 
the water vapor [17]. Therefore, the water vapor 
transmission rate will become higher. Carrageenan is one 
material within edible coating which classified as 
hydrocolloid with bad resistance to water vapor. The 
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hydrophilic characteristic of Carrageenan causes the edible 
coating to absorb water vapor [6] easily. 
C. Grape’s Water Content 
According to Table 2, it showed that on day 3, the water 
content decreased less than 3% for all treatments. However, 
on day 6, it is noticeable that in the K treatment, the 
uncoated grape has the highest decrease at 6.45%. In the A1 
to A5 treatments, there is a small amount of water content 
decreased as compared to the K treatment. Based on the 
variance test results, it exhibited that there is a difference 
(p>0.05) in the K treatment (carrageenan 0%) and A5 
treatment (carrageenan 2.5%). The A5 treatment is stated as 
the best since it may inhibit water content for 2.46%.  
TABLE II 
WATER CONTENT OF GRAPE WITH ADDED CONCENTRATION OF CARRAGEENAN 
Treatment M1 (%) M2 (%) M3 (%) M4 (%) 
K 83.99+0.88 a 80.44+0.40 a 77.54+2.14 a 73.47+0.90 a 
A1 83.74+2.57 a 81.09+3.25 a 79.02+0.80 ab 78.30+1.39 b 
A2 82.87+1.91 a 80.50+0.68 a 79.30+1.10 ab 78.58+0.47 b 
A3 83.19+1.28 a 81.69+2.03 a 80.27+1.26 ab 78.12+1.72 b 
A4 84.60+1.04 a 82.55+3.48 a 80.38+2.72 ab 79.04+1.27 b 
 
K was 0% of carrageenan’s concentration while A1, 2, 3, 
4, and 5 were concentration of carrageenan i.e. 0.5; 1.0; 1.5; 
2.0; and 2.5% (b/v) respectively. M1-4 was moisture level 
on day 0, 3, 6, and 9, respectively. Data were presented as 
mean ± STDEV of 3 repetitions samples (n=3). Different 
superscripts in the same column showed significant different 
(p>0.05) 
On day 9, treatments A1, A2, A3, A4, and A5 may inhibit 
water content decrease less than 4% except in K treatment 
which decreased up to 10%. Based on variance test results, 
there is a more noticeable difference in K treatment 
(carrageenan 0%) with A5 treatment (carrageenan 2.5%), but 
there is no difference in all treatments with carrageenan 
addition (A1, A2, A3, A4, and A5).  
A1, 2, 3, 4, and 5 were concentration of carrageenan i.e. 0.5; 
1.0; 1.5; 2.0; and 2.5% (b/v) respectively. Data were 
presented as mean ± STDEV of three repetitions samples 
(n=3). Different superscripts in the same column showed 
significant different (p>0.05) 
1) Grape’s weight loss: Grape may experience weight 
loss along with a longer duration of storage at room 
temperature. The results of grape’s weight loss during 
storage are given in Table 2. Fig. 1 shows the grape 
structural without carrageenan and carrageenan added 0,5% 
and 2,5%.  
 
Fig.1 Jicama Starch-Based Edible Coating without k-carrageenan, k-carrageenan 0.5% and k-carrageenan 2.5% to weight losses of grape. The higher 
concentration of Carrageenan predicted increased the thickness of the coating. Thus, it can cover the space of water molecule which will evaporate from the 
grape. 
 
On day 3 in Table, 3 showed the weight loss value of 
grape coated with carrageenan ranges from 2.94% to 4.24%, 
and the value in K treatment is 12.58%. According to 
ANOVA test results, there is no noticeable difference 
(p>0.05) in the weight loss of treatments A1, A2, A3, A4 
and A5 during storage. The noticeable difference (p>0.05) 
occurs in the K treatment, in which uncoated fruit 
experiences relatively significant to the weight loss at 
32.17% on day nine as compared to coated fruit. On day 6 
and day 9, the A1 and A5 treatment experienced weight loss 
differently. In brief, A1 treatment has a weight loss of about 
10.64% and 21.35% while A5 treatment has 7.98% and 
14.73% of weight loss. 
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 TABLE III 
WEIGHT LOSS OF GRAPE WITH AN ADDED CONCENTRATION OF CARRAGEENAN 
Treatment W1 (%) W2 (%) W3 (%) 
K 12.58 +1.37b 24.36 +4.06b 32.17 +7.57b 
A1 3.431 +0.19a 10.64 +0.89a 21.35 +1.55a 
A2 4.243 +1.30a 11.72 +2.88a 20.56 +4.52a 
A3 3.427 +0.83a 9.39 +1.48a 15.90 +2.85a 
A4 3.739 +1.18a 7.72 +2.08a 14.99 +1.44a 
A5 2.941 +1.37a 7.983 +1.67a 14.73 +1.04a 
 
 
K was 0% of carrageenan’s concentration while A1, 2, 3, 
4, and 5 were concentration of carrageenan i.e. 0.5; 1.0; 1.5; 
2.0; and 2.5% (b/v) respectively. W1-4 was weight loss on 
day 0, 3, 6, and 9, respectively. Data were presented as mean 
± STDEV of 3 repetitions samples (n=3). Different 
superscripts in the same column showed significant different 
(p>0.05) 
Weight loss of fruit is caused by respiration activity. 
Respiration process continues after the harvesting process of 
fruit. Within the respiration process, oxygen is absorbed to 
be used in the oxidation process to produce energy, then 
followed by emission of oxidation remnants in the form of 
CO2 and water [18]. 
The weight loss level was getting lower as the 
concentration of carrageenan increased within each 
treatment. Inhibition of respiration process is better by 
increasing the thickness and compactness of coating’s 
molecule binding. The weight loss decreases because of 
carrageenan’s concentration is also found in the research 
conducted by [19]. 
2) Vitamin C content of grape: Generally, fruit 
experiences oxidation process within the storage. This 
process is decreasing the vitamin c content of grape. Vitamin 
C is easily oxidized to L-dehydroascorbic acid, and it tends 
to experience a further change to L-diketogulonic [20]. The 
results of vitamin c test during storage are presented in Table 
4. 
TABLE IV 
THE VITAMIN C CONTENT OF GRAPE WITH AN ADDED CONCENTRATION OF CARRAGEENAN 
Treatment Vitamin C 
on day 0 (mg) 
Vitamin C 
on day 3 (mg) 
Vitamin C 
on day 6 (mg) 
Vitamin C 
on day 9 (mg) 
K 4.12 +0.28a 3.94 +0.16a 3.02 +0.28a 1.38 +0.28a 
A1 4.12 +0.28a 3.94 +0.16a 3.39 +0.16b 2.84 +0.16b 
A2 4.22 +0.32a 3.94 +0.16a 3.67 +0.16bc 3.48 +0.16c 
A3 4.22+0.32a 4.03 +0.32a 3.48 +0.16bc 3.58 +0.28c 
A4 4.31 +0.16a 3.94 +0.16a 3.67 +0.16bc 3.58 +0.28c 
A5 4.03 +0.32a 4.03 +0.16a 3.76 +0.16 c 3.67 +0.16c 
 
K was 0% of carrageenan’s concentration while A1, 2, 3, 4, and 5 
were concentration of carrageenan i.e. 0.5; 1.0; 1.5; 2.0; and 
2.5% (b/v), respectively. Data were presented as mean ± 
STDEV of 3 repetitions samples (n=3). Different 
superscripts in the same column showed significant different 
(p>0.05) 
The vitamin c content on day 0 and day 3 is within range 
4.033 mg/100g to 4.308 mg/100g and 3.942 mg/100g to 
4.033 mg/100g, respectively. Based on the variance test 
results, the concentration of carrageenan does not noticeably 
influence (p>0.05) vitamin c content on day 0 and day 3. 
The difference (p>0.05) has seen on day 6 in K treatment 
(carrageenan 0%), A1 treatment (carrageenan 0.5%), and A5 
treatment (carrageenan 2.5%). High concentration of 
carrageenan in the A5 treatment generates strong coating 
sheet to inhibit the oxidation process at room temperature. 
The similar result is found on day 9, the concentration of 
carrageenan significantly influencing all treatments. The A1 
treatment has the least vitamin c content as compared to the 
other coatings with 2.842 mg/100g grape. While A2, A3, A4 
and A5 treatments may maintain the vitamin c content up to 
≥3.483 mg/100g grape. 
 
3) The sensory characteristic of grape: The evaluation 
of fruit quality involves the sense of taste of compounds 
which influence the aroma, flavor, and crispiness of fruit. By 
determining the quality of those critical components, then it 
must be combined with the panel’s subjective evaluation to 
provide meaningful information on fruit’s quality [21], [22]. 
The results of the grape’s sensory test during storage are 
given in Table 5.  
TABLE V 
THE SENSORY VALUE OF GRAPE WITH AN ADDED CONCENTRATION OF 
CARRAGEENAN 
Treatment Color Texture Aroma 
A1 3.24 a 2.71 a 2.62 a 
A2 3.19 a 3.19 a 2.57 a 
A3 3.29 a 3.00 a 2.86 ab 
A4 2.67 a 2.86 a 3.24 ab 
A5 2.62 a 3.10 a 3.71b 
 
Explanation: A1: carrageenan’s concentration 0.5%, A2: 
carrageenan’s concentration 1%, A3: carrageenan’s 
concentration 1.5%, A4: carrageenan’s concentration 2%, 
A5: carrageenan’s concentration 2.5%. The values are the 
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average of 21 repetitions. Different superscripts in the same 
column showed a noticeable difference (p>0.05). Based on 
variance test results, there is no difference (p>0.05) color 
and texture parameters within each treatment. The grape’s 
sensory test is conducted on day 9 using a scoring test. 
The color tests of treatments A1, A2, and A3 have an 
average value higher than A4, and A5 treatment since the 
coating’s color of fruit within A1, A2, and A3 treatment is 
clear. Although there is no difference within each treatment, 
the concentration of carrageenan within coating influences 
its color. Grapes with A4 and A5 treatment have a clear 
yellow color which tends to be white because of the 
relatively thick coating. 
In the grape’s surface texture test, there is no skin 
wrinkling within each treatment. The reduction of weight 
loss and water content will make the texture of fruit turn into 
wrinkled. The texture test value of each treatment is not 
significantly different since the external layer of fruits within 
all treatments is sturdy texture According to the ANOVA 
test results, there is a difference (p>0.05) in the aroma value 
of A1, A2, and A5 treatments. The A1 and A2 treatment has 
low values of grape’s aroma such as 2.62 and 2.57, 
respectively. Meanwhile, the A5 treatment is the highest 
value of grape’s aroma about 3.71 since the sour aroma of 
grape in A5 treatment is not strong compared to the other 
treatments. 
IV. CONCLUSION 
This study concludes that the k-carrageenan 2.5% may 
become the best-selected treatment for grape edible coating 
application with increasing vitamin C rate and lowest weight 
lost level. However, based on the sensory treatment, k-
carrageenan as the best treatment as the grape coating has a 
pure color, soft texture, and no acidic color.   
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